Simian virus 40 (SV40) gene A plays a central teins is modulated by modifications that inregulatory role in both productive and trans-clude the addition and removal of phosphate forming infection. Studies with temperature-groups at specific sites in the protein molecules sensitive (ts) A mutants have shown that the A (22). The studies reported here show that the A function is continuously required to initiate protein, like many chromatin proteins, is ineach round of viral DNA replication (5, 23 ) and deed phosphorylated. transiently required to initiate late viral tranFurthermore, previous studies have shown scription (7, 12) in productive infection of per-that, in addition to the 100,000-dalton A promissive cells. In infection of restrictive cells, tein, minor proteins with molecular weights of the A gene is necessary to establish the trans-85K and 88K can be immunoprecipitated from formed state and to maintain the growth char-extracts of some infected cells with serum from acteristics of some transformed cell lines (3, 11 , hamsters bearing SV40-induced tumors (27). 13, 17, 24) . Recent direct evidence strongly sug-The smaller proteins are shown to be structurgests that gene A codes for a 100,000-dalton ally related to the A protein by the present (1OOK) protein (21) . Because the A protein is study. These findings raised the possibility that overproduced in either productive or transform-modification of the A protein by cleavage could ing infection by the A mutants, the A protein have functional significance in infection by must also regulate its own synthesis in both SV40. However, we now present evidence that modes of infection (27) .
most of the small-molecular-weight forms of the The specific molecular activity of the A pro-A protein, present in extracts of infected cells, tein is unknown, but the A protein binds to represent artifacts of extraction rather than in both cellular and viral double-stranded DNA vivo protein modification.
(4, 10) with a preferential binding site on the
The apparent molecular weights of the proviral genome, which corresponds to the initia-teins immunoprecipitated by antitumor sera tion site for DNA replication (9, 15, 19) . Thus, vary somewhat depending on the method of the A protein is in many ways analagous to sodium dodecyl sulfate-polyacrylamide gel eleccellular chromatin proteins, which also bind to trophoresis used to estimate relative mobilities specific sites on DNA and are thought to regu-of proteins (21 formed cells used for tumor induction were virus MATERIALS AND METHODS free, and the antiserum contained no neutralizing activity against SV40. Details of the indirect immuCell cultures. The CV-1 (20) and BSC-1 (6) lines of noprecipitation techinique have been described, and monkey kidney cells were grown in Eagle basal previous studies have shown that the precipitation medium containing 5% fetal bovine serum. Trans-ofthe A protein is highly specific and more than 80% formed lines were derived from Swiss 3T3 cells, New efficient (27). Zealand white rabbit kidney cells, and Syrian hamGel electrophoresis. Samples were analyzed by ster embryo cells, as described previously (24) , and discontinuous polyacrylamide gel electrophoresis were cultivated in medium with 10% fetal bovine using a modification of the method of Maurer and serum.
Allen (14) as described previously (27). Virus. The wild-type (WT) parental clone and the Tryptic peptide analysis. Detailed techniques are A and BC ts mutants were derived from the VA 45-presented in the accompanying study (21) . In brief, 54 strain of SV40 (25) (26) (27) ). Stocks of virus were pre-radioactive proteins were purified by immunoprepared as described previously. Mutant D202 was cipitation and gel electrophoresis. After trypsinizaderived from the 776 strain of SV40 and was gener-tion, concentrated peptides were separated by thinously supplied by Robert Martin (6) . layer electrophoresis and chromatography and deProductive infection. Confluent monolayers of tected by autoradiography. CV-1 or BSC-1 cells were inoculated with input mulIdentification of amino acids. Purified protein tiplicities of 10 PFU/cell. After a 2-h adsorption labeled with 32p was prepared by immunoprecipitaperiod at room temperature, medium was added to tion and gel electrophoresis as described above. The the inoculum, and the infected cells were incubated protein was suspended in 6 N HCl and hydrolyzed at 410C. [32P]orthophosphoric acid (New England Nuclear Separation of amino acids was carried out by elecCorp.; carrier free) in complete medium. The precise trophoresis in 2.5% formic acid and 7.8% acetic acid conditions for the radioactive labeling of proteins (pH 1.9) for 2.5 h at 320 V. The unlabeled markers are indicated in each figure legend.
were identified with ninhydrin stain, and the 32p_ Extraction and fractionation of proteins. All ex-labeled amino acids were identified by autoradiogtraction and fractionation procedures were carried raphy. out at 4°C. For most studies, cells in monolayer cultures were extracted with 1% Nonidet P-40 (NP-RESULTS 40) in 137 mM NaCl, 20 mM Tris-hydrochloride, 1 mM Na2HPO4 (Tris-buffered saline) with 1.0 mM Modification of the A protein in productive CaCl2, 1.0 mM MgCl2, and 10% glycerol at pH 8 for infection. The patterns of A protein accumula-20 min. Previous studies have shown that the A tion and phosphorylation in permissive CV-1 protein is efficiently extracted from nuclei by this cells infected by WT virus or ts mutants at 41°C technique (27). For detergent extraction at pH 6, are shown in Fig. 1 . The cells were continumonolayer cultures were exposed to 1% NP-40 in 137 ously labeled in complete medium fom the onmM NaCl, 2.7 mM KCl, 8 The apparent conversion of lOOK immunomore rapid rate of turnover results in a net reactive protein to 85K immunoreactive protein decrease of accumulated protein in comparison suggested that these proteins are structurally to WT infection (27). Little, if any, A protein related. To confirm this relationship, the strucwas found in cells infected with D mutants, ture of the proteins was compared by the mapwhich are thought to be blocked in uncoating at ping of tryptic peptides from purified proteins. 410C (6) . Figure 3 shows that the peptides, derived from In infection by either WT or mutant virus, proteins 85K to 88K in molecular weight, are the amount of phosphate associated with each very similar to those of the 100K protein. This specifically immunoprecipitated protein was similarity was confirmed by a map of a mixture proportional to the amount of accumulation of of the peptides of the two preparations. the same protein. The similarity in the patterns Peptide mapping also showed that the WT of radiolabeling of each protein by either 100K protein contains a single phosphorylated ' S]methionine or [32P]phosphate is immedi-peptide (Fig. 3D) . Analysis of 32P-labeled A muately apparent in Fig. 1 . Quantitation of the tant protein gave the same result. To identify amount of radiolabel in individual gel bands by the nature of the protein phosphorylation, the liquid scintillation counting confirmed this amino acids of the lOOK WT protein were hyclose similarity. For example, the lOOK protein drolyzed under acid conditions and separated specified by WT virus contained 4.1 times as by thin-layer electrophoresis. The 32P label mimuch [35S]methionine and 3.8 times as much grated either with unlabeled marker phospho-[32P]phosphate as the lOOK protein specified by serine or with inorganic phosphate (Fig. 4) . A58. These findings exclude the existence of a Modification of the A protein in transformsignificant block to the phosphorylation of the ing infection. The size and phosphorylation of A protein in infection by A58 at the restrictive the A protein were examined in a variety of temperature.
transformed cells (Fig. 5) . The lOOK protein In addition to the predominant lOOK protein, was present and phosphorylated in rabbit, distinct minor proteins were also specifically hamster, and mouse 3T3 cells transformed by immunoprecipitated from extracts of infected either WT virus or A mutants, but not in un-CV-1 cells. These proteins had molecular transformed control cells. In contrast, the 85K weights of 85,000 to 100,000 in infection by WT and 88K phosphoproteins sometimes found in virus or B mutants and 66,000 to 68,000 in permissive CV-1 cells infected by WT virus infection by A mutants. The combined quantity were not detected in mouse or hamster cells and of the minor proteins was less than 20% of the were present in very small amounts in rabbit lOOK protein in this experiment, but varied cells transformed by WT virus. As in producfrom less than 5% to as much as 40% in other tive infection, long periods of radiolabeling of experiments. When the minor proteins were transformed cells with [35S]methionine resulted present in extracts of cells infected by WT vi-in patterns of radiolabeling similar to the patrus, the 85K protein was consistently promi-terns of labeling by [32P]phosphoric acid (data nent relative to most of the other minor pro-not shown). teins. In some experiments, an 88K protein was Modification of the A protein during exalso present in significant quantity. traction. The studies described above show To identify any possible role of the host cell in that the A protein can be found in at least three determining the size of immunoreactive pro-distinctive sizes in extracts of infected cells and teins in productive infection, proteins extracted that the host cell is an important factor in from permissive CV-1 and BSC-1 cells were determining which size is predominant. Howcompared under identical conditions of infec-ever, it was not clear whether the size of the A tion and extraction with 1% NP-40 at pH 8 (Fig. protein is determined before or after extraction. 2). As expected, the predominant immunoreac-Thus, the effects of the conditions of extraction tive protein in extracts of infected CV-1 cells on the structure of the A protein were investiwas the lOOK protein. In contrast, the predomi-gated more thoroughly. 7) . When infected BSC-1 cells were first broken by Dounce homogenization at pH 6 rather than by the detergent method, the A protein was not extracted from the nuclei. However, when washed nuclei were subsequently extracted with 1% NP-40 at pH 8, the conversion of 100K protein to smaller forms was blocked to a significant extent. These findings implicate a cytoplasmic factor in the conversion of the 100K protein to 85K protein during the process of extraction.
DISCUSSION
The A protein is synthesized and phosphorylated in a 100,000-molecular-weight form in either productive or transforming infection. though this conclusion implies that the protein analogy to predict as yet unknown cellular has multiple functional sites, the role of phos-functions. For example, the host cell may have phorylation in protein function is unknown. individual proteins which, like the A protein, The phosphorylation is not a consequence of control both DNA replication and transcription DNA replication or late viral transcription be-coordinately during the cell cycle. cause it cannot be blocked by cytosine arabinoAfter extraction with detergents, an intriguside treatment of infected cells (data not ing pattern of protein accumulation in producshown).
tive and transforming infection was apparent. It is interesting that the analogy between the A distinct 85,000-molecular-weight form of the A protein of SV40 and chromatin proteins ofthe A protein was present in varying quantities in host cell can be extended to the phosphorylation extracts of productively infected CV-1 or BSC-1 of the proteins. In view of this continuing simi-cells but not in transformed cells. Taken alone, larity, it may be constructive to extend this these findings provided circumstantial evi- dence for the requirement of the 85K protein in pH, chelating agents, and cytoplasmic compoviral replication. However, a thorough study of nents. One plausible explanation for these findextraction conditions showed that, for the most ings is that active, nonserine proteases are repart, the 100K protein was converted into an leased from lysosomes under these conditions. 85K protein after extraction rather than in Indeed, lytic infection may even promote the vivo. Conditions that favor this conversion in-release of lysosomal contents (16 
